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.2013.05.Abstract Nitrile metabolizing enzymes are of great industrial interest for the selective bio-transfor-
mation of nitriles and surface modiﬁcation of synthetic polymers under mild reaction conditions. In
the present work, isolated strain Amycolatopsis sp. IITR215 was cultivated in the bench top biore-
actor for the recovery of maximum biomass of whole cell catalyst. Effect of different lyoprotectants
was studied on nitrile metabolizing enzyme from Amycolatopsis sp. IITR215 in which sorbitol
proved to be an efﬁcient lyoprotectant. In physical and mechanical methods, only 30% activity
was recovered while 85% activity was achieved in the enzymatic method using 2 g/l lysozyme. Very
less activity was recovered during stationary phase when cells were grown in mineral base media
containing 1 g/l yeast. Therefore, recovery of intracellular enzymes was enhanced by using different
concentrations of sodium cholate and deoxycholate.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &
Technology.1. Introduction
Nitrile metabolizing enzymes are not only widespread in plants
and bacteria but are also reported in some fungi. Nitrile
metabolizing enzymes are of great industrial interest for the1 1332285297; fax: +91
. Choudhury).
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002biotransformation of nitrile to its corresponding acid by nitri-
lase and to its corresponding amide by nitrile hydratase there-
after to its corresponding acid by amidase [7].
Nitrile metabolizing enzymes are widely known in genus
Rhodococcus, Nocardia and Streptomyces sp. but little is
known in genus Amycolatopsis. Nitrile metabolizing enzymes
are retained in the cell [2]. Therefore, cells must be disrupted
for the application of these enzymes. Cells can be disrupted
by physical, mechanical and non-mechanical methods which
include physical, chemical and enzymatic methods.
Amycolatopsis is a Gram positive bacterium which pos-
sesses a complex cell wall containing thick layer of peptidogly-
cans and a layer of phospholipids on the outer surface of cell
membrane. Therefore, it cannot easily be disrupted by the
available standard lysis methods such as sonication [14] orcademy of Scientiﬁc Research & Technology.
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require sophisticated instruments and can generate heat which
reduces the activity of enzyme. Non-mechanical lysis can be
used in the replacement of mechanical cell lysis by using
lysozyme that hydrolyzes the b-1,4 glycoside linkages between
N-acetylglucosamine and N-acetylmuramic acid of the glycan
backbone [15]. Amycolatopsis albidoﬂavus sp. nov. bacteria
possess type IV cell wall which consists of meso-diaminopim-
elic acid, arabinose and galactose, a major menaquinone of
MK-9(H4), phospholipid pattern consists of phosphatidylme-
thylethanolamine and phosphatidylinositol [10] whereas
Amycolatopsis keratiniphila sp. nov. contain phosphatidylino-
sitol, phosphatidylethanolamine, hydroxyphosphatidyletha-
nolamine and diphosphatidylglycerol [1].
In the recent decade, researchers are attempting to use these
enzymes for the surface modiﬁcation of synthetic ﬁbers such as
polyacrylonitrile, polyamides, etc. for their better processabil-
ity in textile industry. As mentioned earlier nitrile metabolizing
enzymes are intracellular in nature which restricts their appli-
cation in the surface modiﬁcation of synthetic ﬁbers. There-
fore, cheap and efﬁcient enzyme preparation is required for
application of important industrial enzymes [19].
In the present work, isolated strain of Amycolatopsis sp.
IITR215 was cultured in a bench-top bioreactor in the pres-
ence of 10 mM adiponitrile as sole nitrogen source for 24 h. Ef-
fect of different lyoprotectants was studied and different
methods of cell lysis were also studied. Interestingly, when cells
were harvested after 48 h from media containing yeast extract,
they exhibited very less cell lysis with 2 g/l of lysozyme. There-
fore, some of the ionic detergents such as sodium cholate and
sodium deoxycholate were used to weaken the cell wall
structure.2. Material and methods
2.1. Materials
Bacterial strain, used in this work was isolated from the soil
sample of sewage using polyacrylonitrile as sole nitrogen
source in the mineral base media. Adiponitrile (Cat. No.
D77001) and hexanenitrile (Cat. No. 166650) were obtained
from Sigma–Aldrich (USA). Acrylonitrile (S.D. Fine, Cat.
No. 37047), media components and other chemicals were ob-
tained from S.D. Fine Chem. (India) and Hi-media and were
of analytical grade.
2.2. Isolation and identiﬁcation of bacterial strain
Chromosomal DNA of isolated strain was isolated by the
modiﬁed phenol–chloroform method. The PCR ampliﬁcation
of 16S ribosomal DNA was carried out using universal primers
p16S-8-50AGAGTTTGATCCTGGCTCAG30 and p16S-1541-
50AAGGAGGTGATCCA GCCGCA30 and the following
conditions were maintained: 5 min at 95 C, 30 cycles of 40 s
at 95 C, 60 s at 53 C, 2 min at 72 C and one ﬁnal step of
10 min at 72 C. The ampliﬁed PCR product was loaded onto
the 0.8% agarose. Ampliﬁed product was sequenced by Oci-
mum biosolutions, Hyderabad, India. Forward and reverse16S
rRNA gene sequences were used to search the Genebank
database with the BlastN algorithm to determine phylogeneticposition. The 16S rRNA gene sequence of strain Amycolatopsis
sp. IITR215 determined in this study has been deposited in
GenBank under the accession number FJ744759 [2].
2.3. Batch production in bioreactor and effect of lyoprotectants
One loopful culture of Amycolatopsis sp. IITR215 cells was
inoculated in shake ﬂask containing mineral base medium:
5 g/l glycerol, 0.2 g/l citric acid, 0.27 g/l KH2PO4, 0.174 g/l
K2HPO4, 10 mM adiponitrile; 10· mineral base (10 g/l NaCl,
2 g/l MgSO4Æ7H2O, 0.1 g/l CaCl2) and trace element solution
(0.3 g/l H3BO3, 0.2 g/l CoCl2Æ6H2O, 0.1 g/l ZnSO4Æ7H2O,
0.03 g/l MnCl2Æ4H2O, 0.03 g/l Na2MoO4ÆH2O, 0.02 g/l Ni-
Cl2Æ6H2O, and 0.01 g/l CuCl2Æ2H2O). Mineral base (100 ml/l)
and trace element solution (1.0 ml/l) were added into the med-
ium after sterilization [8] and incubated at 45 C with constant
shaking at 200 rpm. After 24 h of growth, 200 ml of cultured
cells was inoculated in 2 L (Final volume) of batch reactor con-
taining same composition of mineral base medium and cells
were harvested after 26 h by centrifugation at 20,000g for
10 min. Cells were lyophilized with different lyoprotectants
(5% w/v). Shake ﬂask studies showed the hydrolysis of
acrylonitrile and hexanenitrile takes place by different enzymes
but in batch reactor, no activity was detected with acrylonitrile
[2]. In all further study hexanenitrile was taken as substrate for
the study of cell lysis, enzyme stabilizers and effect of
detergents.
2.4. Enzyme assay
Nitrile hydrolysis was carried out in a 500 ll reaction mixture
containing 10 mM hexanenitrile (ﬁnal concentration), 100 ll of
enzyme in 0.1 M potassium phosphate buffer of pH 7.0 con-
taining 1 mM EDTA. The reaction was performed at 55 C,
pH 5.8 for 30 min. in water bath shaker and terminated by
the addition of 10 ll 1 N HCl [10]. Ammonia released in the
reaction was determined by the Bertholet method [18]. One
unit of enzyme was deﬁned as the amount of enzyme which
catalyzed the hydrolysis of nitrile to release 1 lmol of ammo-
nia per min under the assay conditions.2.5. Cell lysis for the recovery of nitrile metabolizing enzyme
2.5.1. Enzymatic method
Lyophililized cells (3.3 g/l) were incubated with lysozyme in
concentration of 0.5, 1.0, 2.0 and 5.0 g/l at 30 C for 1 h in
an incubated shaker at 200 rpm for lysis of Amycolatopsis sp.
IITR215 cells. Cell debris was removed by centrifugation at
20,000g for 10 min. Supernatant was taken for the analysis
of recovery of enzyme after enzymatic cell lysis. Cell debris
was again suspended in the same amount of 0.1 M phosphate
buffer for determining the residual activity.
2.5.2. Mechanical methods
Sonication: The cells were sonicated on ice in 5 ml glass tubes
using a hielscher ultrasonic processor UP100H (100 W,
30 kHz) for a total sonication time of 2, 4, 6 and 8 min (30 s
pulse-on and 30 s pulse-off). Supernatant and pellet were re-
moved by centrifugation and used for determining the recovery
of enzyme and residual activity, respectively.
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were vortexed with 10 mg/ml glass beads in a 25 ml glass test
tube on highest speed for the shearing of cell wall. Vortexing
was done for 2, 4, 6, 8 and 10 min with 1 min break after every
minute and kept on ice. Recovery of enzyme was determined
same as in the previous study.
2.6. Effect of sodium cholate and deoxycholate
Amycolatopsis cells were grown for 48 h in the mineral base
medium containing 1 g/l yeast extract as the nitrogen source.
Cells were harvested by centrifugation at 16,000g and washed
with phosphate buffer (pH 7.0) for two times. Harvested cells
were pre-treated with sodium cholate and sodium deoxycho-
late in 0.2% and 0.5% for 5 min for dissolving of lipids present
on the outer surface of cell wall and washed with phosphate
buffer whereas cells without any detergent treatment was taken
as control. After treatment, cells were treated with 2 g/l lyso-
zyme for 1 h. Activity was measured by taking hexanenitrile
as substrate.
3. Result and discussion
3.1. Growth curve
Amycolatopsis sp. IITR215 was cultivated in a batch reactor
for the production of maximum biomass with nitrile metabo-
lizing activity. Maximum speciﬁc activity with hexanenitrile
was detected at 5 h of inoculation. Cell O.D was measured at
600 nm for monitoring the cell biomass. Cell biomass increased
continuously with time (Fig. 1). At 24 h of production nearly
75% activity was detected. Longer production time led to de-
crease in activity. Therefore, cells were harvested after 24 h of
production and used in further experiments. In our earlier re-
port [2], Amycolatopsis sp. IITR215 showed acrylonitrile and
acrylamide hydrolyzing activity in shake ﬂask with different
nitrogen sources but in batch reactor no activity was detected
with above mentioned substrates which shows that some of the
controlled parameters such as aeration play an important role
in the production of nitrile metabolizing enzymes.
3.2. Effects of lyoprotectants
In general, lyoprotectants such as sugars and polyols stabilize
the enzyme structure by replacing the water molecules aroundFigure 1 Cultivation and growth curve of Amycolatopsis sp.the protein. Therefore, for long term storage, addition of lyo-
protectant is desirable. Cells were lyophilized in presence of
different 5% (w/v) lyoprotectants. Activity of enzyme before
lyophilization was assumed as 100%. After lyophilization,
88% nitrile metabolizing activity was retained in cells in
absence of any lyoprotectant. Sorbitol proved to be the most
effective lyoprotectant as 90.7% activity was found but sucrose
and PEG had a negative impact on the activity (Fig. 2). In the
earlier reports, sucrose was proved to be an effective lyoprotec-
tant for nitrile hydratase from Agrobacterium tumifaciens [4]
but in our report, there was a minor difference in the lyophi-
lized cells with lyoprotectant and without lyoprotectant
(blank). Therefore, lyophilized cells without lyoprotectant will
be used in further experiments.
3.3. Methods of cell lysis for recovery of nitrile metabolizing
enzyme
Nitrile polymers are insoluble in water and nitrile metabolizing
enzymes are intracellular in nature. Therefore, lysis of cells is
an important step for the recovery of nitrile metabolizing en-
zyme for the surface catalysis of nitrile polymers. In the enzy-
matic lysis, activity of enzyme increased as the lysozyme
concentration increased to 2 g/l. Nearly 85% and 12% activity
was recovered in supernatant and pellet, respectively (Fig. 3a)
whereas in sonication, nearly 30% activity was recovered in
the supernatant till 6 min thereafter no effect of sonication
was found with increase in sonication time for the recovery
of nitrile metabolizing enzyme, but after 8 min of sonication,
the enzyme activity decreased (Fig. 3b) which may be due to
the fact that sonication often denatures proteins through large
pressure and temperature gradients, high shear forces, or by
generating free radicals which cause modiﬁcation of secondary
and tertiary structure of proteins by the breakdown of hydro-
gen bonding and van der Waals interactions [9,11,5]. Same re-
sults were found with the disruption of cells by vortexing.
Nearly 30% activity was recovered in the supernatant
(Fig. 4c). Singh et al. reported high pressure homogenizer
and sonication as the efﬁcient methods for the recovery of
nitrilase from Alcaligenes faecalis MTCC 126 [17] but due to
the presence of complex cell wall, mechanical methods restrict
the cell lysis of Amycolatopsis sp. IITR215. Henceforth, enzy-
matic cell lysis by lysozyme proved to be the effective method
of cell lysis which shows the presence of a thick peptidoglycan
layer on the Amycolatopsis sp. IITR215.IITR215 with nitrile metabolizing activity from bioreactor.
Figure 2 Effect of lyoprotectants on enzyme activity (100% activity corresponds to 70.21 ± 3.44 IU/g).
Figure 3 Effect of different methods on cell disruption. (a) Lysozyme, (b) sonication and (c) vortexing with glass beads. (In all the three
experiments, 100% activity was assumed as the total activity from dry cell weight of cells and it corresponds to 82.80 ± 5.12 IU/g.)
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Ionic detergents such as sodium cholate and sodium deoxycho-
late are very useful for the membrane lipid solubilizations. It iswell known that at the time of transition of exponential to sta-
tionary phase, microorganism possesses considerable changes
in peptidoglycan layer which leads to the increase in crosslink-
ing [13]. Therefore, stationary-phase bacteria have a thicker
Figure 4 Enzyme stability and effect of additives. (a) Stability of nitrile metabolizing enzyme in 100 mM phosphate buffer at 40 C, pH
5.8. (b) Plot for the determination of half-life (Kd = slope of lne/e0 vs. Time). (c) Effect of additives on nitrile metabolizing enzyme
activity (100% activity was assumed as the total activity from dry cell weight of cells and it corresponds to 75.67 ± 3.24 IU/g).
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phenomenon is reported in Amycolatopsis sp. IITR215 along
with the increase in membrane lipids. Sodium cholate and
deoxycholate were used to dissolve membrane lipids and for
decrease in rigidity of cell wall. Amycolatopsis sp. IITR215
showed no enzyme activity in the supernatant after the sodium
cholate and sodium deoxycholate treatment which shows that
there was no cell lysis and all the activity remains in the pellet.
These detergents dissolve the lipids present on the outer
surface of cell wall. Cells without any detergent treatment were
taken as control and detergent treated cells were treated withlysozyme. After lysozyme treatment very less activity was
detected in control but detergent treated cells become more
prone to cell lysis. After treatment with 0.2% and 0.5%
sodium cholate, nearly 25% and 66% activity was detected
in the supernatant, respectively. It was observed that, maxi-
mum activity in supernatant was detected with 0.2% sodium
deoxycholate treated cells and it was decreased with 0.5%
sodium deoxycholate concentration (Table 1). From these
results, it can be concluded that cell wall can be weakened
by the treatment of anionic detergents such as sodium cholate
and deoxycholate but higher concentration of these detergents
Table 1 Effect of detergents and their concentrations on cell lysis from lysozyme.
Detergent % Treated with lysozyme
Relative activity in % for supernatant Relative activity in % for pellet
Pre-treatment with sodium cholate 0.2 25 70
0.5 66 13
Pre-treatment with sodium deoxycholate 0.2 73 N.D
0.5 60 N.D
Control (No pre-treatment) 5 95
100% Activity corresponds to 82.80 ± 5.12 IU/g.
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tion of these detergents is desirable to weaken the cell wall
structure.
3.5. Enzyme stability and effect of different stabilizers
Stability of nitrile metabolizing enzymes is a major problem
for its application. Therefore, an attempt was made for
improving the enzyme stability by using some of the reported
stabilizers and hexanenitrile was taken as a substrate. The half
life of hexanenitrile metabolizing enzyme was found to be
252 min at 40 C and pH 5.8 (Fig. 4a) which was calculated
by t1/2 = 0.693/Kd, Kd was calculated by plotting a graph
(lne/e0 vs. time, Fig. 4b), where e is the speciﬁc activity at time
t and e0 is the initial speciﬁc activity. Nearly 35% activity was
detected after 360 min. For improvement of this stability, var-
ious stabilizers were used under similar experimental condi-
tion. Enzyme stability was decreased in 30% glycerol, 3%
tween 20 and 1 mM EDTA whereas it was slightly increased
with 0.5% sucrose. Maximum stability of enzyme was found
in 100 mM NaCl, 50% activity was retained after 420 min in
100 mMNaCl salt concentration (Fig. 4c). This increase in sta-
bility might be due to the protein stabilization by controlling
the water activity around the enzyme [3] or addition of salts
that facilitate the binding of enzyme to substrate. Sugars and
polyols stabilize the hydrophobic interactions between non-po-
lar amino acids which minimize the thermo-deactivation [6]
but no such increase in half life of enzyme from Amycolatopsis
was detected.
4. Conclusion
From the present study it can be concluded that Amycolatopsis
sp. IITR215 is harboring thick peptidoglycan layer and outer
membrane lipids. These lipids are protecting cells from lysis
by mechanical and physical methods but lysozyme attacks
the crosslinking of peptidoglycan layer. Therefore, enzymatic
methods proved to be an efﬁcient method of cell lysis. When
cells of Amycolatopsis sp. IITR215 were grown in yeast extract,
very less cell lysis with lysozyme was observed at stationary
phase which indicates the formation of lipids in the late log
phase or stationary phase of growth and protects cells from ly-
sis. Cell lysis by lysozyme was increased by the pre-treatment
with anionic detergents such as sodium cholate and deoxycho-
late. This cheap and efﬁcient method of cell lysis may be
helpful for industrially important intracellular enzymes which
are difﬁcult to take out from the cell. Stability of nitrilemetabolizing enzyme was improved in presence of 100 mM
NaCl concentration which indicates that nitrile metabolizing
enzyme from Amycolatopsis sp. IITR215 was stable in salt
concentration.Acknowledgments
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